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Abstract 
 
Buildings has both a cultural-historical and technical value. Buildings that 
were built in the 60's and 70's had relatively simple energy requirements 
compared to today. A large part of these buildings need to be renovated. 
Culture-marked buildings makes the process more difficult due to the cultural- 
historical value. This means no exterior work can be done, the retrofitting 
energy efficiency measures need to be behind the facade. When insulating 
interior new problems occur. The wall gets colder and the moisture condition 
might reach critical levels.    
 
To counter the decrease of living area, while reducing energy consumption 
you have to acknowledge the importance of materials. They need to be 
effective and have a high moisture resistance. Methods to implement this are 
Aerogel insulation and vacuum pad insulation (VIP). These are proved to be 
the most effective insulation material on the market today. The materials have 
an extremely low lambda value, which means that you do not intrude as much 
on the living area when insulating the inside. VIP is almost completely 
resistant to moisture impact, while aerogel has a critical relative humidity limit 
of 80%. 
 
Various proposals were developed in this report for the existing wall on how 
to reduce the heat emission through the wall.  Hand and HEAT 2 calculations 
where used to determine U-values and thermal bridges. To ensure that the 
moisture load did not exceed the critical moisture levels of the materials, we 
used the program WUFI where different moisture simulations were made. The 
objectives were to reduce the U-value to BBRs construction requirements 
without exceeding the critical moisture levels of the materials. The original 
wall had a high U-value of 1.25 W/m2K which we wanted to reduce to 0.18 
W/m2K. The different moisture simulations we made showed that the relative 
humidity was too high in both the insulation and brick. We came up with 
another way to reduce the relative humidity and water content by 
hydrophobing the facade, however, we did not managed to reduce the U-
values to the BBR's requirements. U-values using Aerogel and VIP ended at 
0.2 W/m2K, which were relatively good values compared to the original wall. 
Including the thermal bridges the U-value increased to 0.29 W/m2K for the 
suggested solutions. 
 
Key words: Energy efficiency, moisture, historical buildings, WUFI, HEAT2  
  
 
Sammanfattning 
 
Byggnader har både ett kulturhistoriskt och tekniskt värde. Byggnader som 
byggdes under 60- och 70 talet hade förhållandevis lätta energikrav jämfört 
med idag. En stor del av dessa byggnader är i behov av renovering. 
Kulturmärkta byggnader gör processen svårare eftersom man måste bevara det 
kulturhistoriska värdet. Detta innebär oftast att man får börja renovera på 
insidan av huset för att kunna spara in på energianvändningen. Nya problem 
kan då uppstå så som större risk för fuktskador och mindre boarea. 
 
För att motverka att boarean ska minska och samtidigt minska 
energianvändningen gäller det att använda sig av material som är effektiva och 
har en bra fuktbeständighet. Som metod för att utföra dessa åtgärder har 
Aerogel isolering och vacuum pad isolering (VIP) visat sig vara de mest 
effektiva isoleringsmaterial på marknaden idag. Dessa material har ett extremt 
lågt lambda-värde vilket gör att man inte inkräktar för mycket på boarean när 
man ska isolera invändigt. VIP är i princip helt resistent mot fuktpåverkan 
medan Aerogelen har en kritisk relativ luftfuktighetsgräns på 80 %. 
 
Olika förslag togs fram i denna studie till den befintliga väggen på E-huset om 
hur man kan minska väggens värmeutsläpp. Egna handberäkningar och HEAT 
2 har använts för att bestämma U-värden och köldbryggor. För att vara säkra 
på att fuktbelastningen inte översteg den kritiska fukthalten i materialen 
användes programmet WUFI för olika typer av fuktsimuleringar. Målen var att 
kunna sänka väggens U-värde till BBRs nybyggnads krav utan att överstiga 
den kritiska fukthalten för materialen i väggen. Originalväggen hade ett högt 
U-värde på 1.25 W/ m2K som skulle sänkas till 0.18 W/ m2K. Simuleringarna 
visade en för hög relativ luftfuktighet och fukthalt i både teglet och 
isoleringsmaterialen. För att sänka luftfuktigheten och fukthalten användes en 
hydrophobering på fasaden. Detta sänkte den relativa luftfuktigheten markant 
dock så lyckades vi inte komma under BBRs krav. U-värdet för både 
Aerogelen och VIP slutade på 0.2 W/ m2K vilket är ett relativt bra resultat 
förhållandevis till orginalväggen men inte tillräckligt enligt BBRs krav. När 
man sedan räknade med mellanbjälklaget som köldbrygga ökade U-värdet 
ytterligare till 0.29 W/ m2K när man isolerade invändigt. 
 
Nyckelord: Energieffektivisering, fukt, kulturhistoriska byggnader, WUFI, 
HEAT2 
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1 Introduction 
1.1 Background 
Having energy efficient buildings is required in today’s Swedish society. 
Many of the buildings in Sweden were built in the 60th and 70th and are 
getting to a state where they have to be renovated. To mitigate the energy 
demand of buildings, owners need to invest in more efficient and environment 
friendly solutions. The state has also imposed goals to reduce the energy 
spillage in buildings to more than 50 % before the year of 2050. Different 
networks between real estate companies and authorities have started to work 
together to push actions about energy efficiency and saving the environment 
forward (Energimyndigheten, 2015). An important problem is also not to 
inflict the architecture during the retrofitting. People want to preserve cultural 
historic buildings, which requires good planning and knowledge to get decent 
results. Preserving the building and impel energy efficient measures has often 
gone different ways and there are many examples where the structures 
completely lost its uniqueness. Nowadays the municipality have strict 
directives towards the landowners on how to preserve historical valuable 
buildings. (Bärtås, bygghus, 2015). 
 
Akademiska Hus is a real-estate company who owns large parts of the 
facilities of Lund University. The E-building at LTH is an older building 
which has a high energy consumption and therefore is in need of renovation. 
The exterior walls consist of brick and plaster and have a very high U-value. A 
study on how to reduce the U-value of the wall without affecting the facade is 
therefore relevant. The walls constitute to a large part of the buildings heat 
emission. It requires a broad knowledge to understand the difficulties that may 
occur in the wall when retrofitting. To prevent difficulties in the future 
calculations and simulations have to be done. 
 
1.2 Aim 
The aim of this project is to examine the walls of the E building at LTH area 
from an energy efficiency perspective. The solution should be moisture proof 
and meet BBRs standard for moisture. We will examine whether it is possible 
to lower the U-Value of the wall to BBRs requirements for new buildings. The 
solutions should take up as little space as possible in order not to reduce the 
rentable area. 
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1.3 Method  
Moisture calculations will be done on the original design using WUFI 1D Pro 
5.2 to see how this meets BBRs requirements. Next, calculations on the 
developed energy efficient solutions is made to see if they handle the Swedish 
moisture requirements. Literature studies have been an important source of 
information to the theoretical basis of this report, both in the form of books, 
articles and previous theses. Data were also taken from the manufacturing 
companies and municipalities as well as from the Akademiska Hus that are the 
owners of the building. Interviews have been held regarding the construction 
characteristics. To calculate the heat flow in the selected wall constructions, 
the calculation program HEAT2 was used. Other estimates have been made by 
hand, and we have also taken note of already performed calculations by other 
companies. 
 
1.4 Limitations  
 
These calculations are limited to the case of E-house, Lund University. To use 
these solutions in a different building may have consequences because all 
buildings are unique. Calculations should be performed for that specific 
building in case of using these solutions.  
 
The building is culture marked so the solutions shall not affect the external 
appearance. Installations such as ventilation and plumbing will not be 
examined in this report. The study is primarily to find construction technical 
measures for the walls. 
 
The economic efficiency of the solutions are mentioned in this work but no 
lifecycle cost analysis or cost calculations will be done. The study does not 
take into account the environmental impact for the manufacture, 
transportation, disposal, etc. of building materials. 
 
Thermal and moisture simulation of walls are limited to 2D and 1D 
respectively. No thermal and moisture calculations will be done to the walls 
connection between the roof and foundation.   
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2 Challenges and regulations for retrofitting historic 
buildings 
2.1 Cultural historic buildings 
These days there are higher expectations on mitigating the energy use in 
cultural historic buildings. During the planning phase you will have to make 
sure that the different types of retrofitting doesn’t conflict. It’s important to 
look at the whole picture so that the installations do not jeopardize the indoor 
environment or the culture value. There are legislations that protect these 
types of buildings. The energy measures that are to be applied are controlled 
by legislations. The municipalities have also a tendency to interpret the 
legalizations differently. The different legalisations that decides what 
guidelines to follow in energy savings in culture historic buildings are: 
 
 Monuments act that includes churches and historic buildings 
 Plan and Building Act (PBL) 
 Environmental Code 
 
In the plan and building act there are precaution requirements to take into 
consideration. The size, shape and colour of the retrofitted wall should not 
vary from the non-retrofitted. The same goes for the buildings technical 
properties for example heat resistance, environment or hygiene. The technical 
requirements may be lowered due to the buildings conditions and extent. 
However, the Swedish municipalities are rather divided on how to interpret 
which buildings that have culture historic value (Ståhl, Lundh, & Ylmén, 
2011).  
 
2.2 Authority’s requirements 
”Boverkets byggregler” is a set of rules that apply to new construction and 
retrofitting in Sweden. When making energy efficiency measures for existing 
walls there are a number of rules you have to take into consideration about 
moisture requirements and energy conservation. The following paragraphs are 
considered during assessments.   
 
2.2.1 Moisture requirements 
In BBR there are four paragraphs relating to the energy efficiency of walls 
based on a moisture-safety perspective. 
 
 6:52 Maximum moisture conditions 
Maximum moisture state is the upper when moisture cannot be expected to 
cause damage affecting hygiene or health. When determining the maximum 
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allowable moisture conditions should the critical moisture condition be used, 
taking into account the uncertainty in the calculation, input parameters or 
metrics. For materials and products where mold and bacteria can grow use 
critical moisture conditions that are well researched and documented. When 
determining the critical moisture conditions the possible contamination of the 
material or the product should be taken into account. If the critical moisture 
condition is not well researched and documented, a relative humidity (RH) of 
75 % should be used as critical moisture condition (Boverket, 2015). 
 
6:53 Moisture safety 
Moisture condition of a building shall not exceed the maximum allowable 
moisture states of the materials and products included in the building 
component. This does not apply if it has no bearing on hygiene and health. 
Moisture condition should be determined by the moisture loads that can be 
expected to affect the building under adverse conditions (Boverket, 2015). 
 
6: 531 Air tightness 
To avoid damage due to moisture convection the buildings climate separating 
parts should have as good airtightness as possible. In most buildings, the risk 
of convective is largest in the building's upper parts; where there might be 
internal overpressure. The air tightness can affect the moisture condition, 
thermal comfort, ventilation and the building's heat loss (Boverket, 2015). 
 
6: 5324 Walls, windows, doors, etc. 
The facing of the wall shall be arranged so that the moisture coming from the 
outside cannot affect the materials and products that are within the facing to 
such an extent that the maximum moisture levels are exceeded. This also 
applies to windows, doors, fittings, ventilation system, joints and other details 
that go through or connect to the wall or other building components (Boverket, 
2015). 
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2.2.2 Energy conservation requirements 
 
The following BBR paragraphs is relating to energy efficiency of walls. 
 
 9:2 Residential and commercial buildings 
Residential and commercial buildings should be designed with respect to 
- Specific energy consumption, 
- Installed electric power for heating, 
- Climate screen average air leakage, and 
- Average heat transfer coefficient (Um) for the building components 
surrounding the building is maximum the amounts given in Table 2.1 
(Boverket, 2015). 
 
Table 2.1 residential and commercial buildings  
 The buildings 
specific energy 
consumption 
[kWh/m2 Atemp 
and year] 
Average heat 
transfer 
coefficient (Um) 
[W/m2K]  
Housings   
Smaller houses  90 0.40 
Smaller houses 
where Atemp is 
less than 50m2 
No demands 0.33 
Apartment 
building  
80 0.40 
Apartment 
building where 
Atemp is 50m
2 or 
more and if the  
predominantly 
part includes 
apartments with 
living area of 
maximum 35m2 
each 
90 0.40 
Facilities    
Facilities where 
Atemp is less than 
50m2 
No demands 0.33 
Facilities  70 0.60 
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9:9 Requirements for energy conservation when alteration of buildings 
 
9.91 General 
Buildings should be designed so that energy consumption is limited by low 
heat losses, low cooling requirements, efficient heating and cooling and 
efficient use of electricity. The requirements for energy conservation should 
be applied so that other technical functional requirements can be met and so 
that the building's cultural values are not damaged and that the architectural 
and aesthetic values may be preserved (Boverket, 2015). 
 
9:92 Building Envelope 
If the building doesn’t meet the specified requirements in table 2:1 after 
changes, the building envelope should seek to cope with the following U-
Values (Boverket, 2015). 
 
Table 2.2 U-values of building envelope 
Ul  [W/m2K] 
Uroof 0.13 
Uwall 0.18 
Ufloor 0.15 
Uwindow 1.2 
Uexterior dorr 1.2 
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3 Hygrothermal performance of the wall 
 
The performance of the wall is governed by heat and moisture transfer through 
the wall, which there are different mechanisms for each, depending on several 
factors such as properties of the material and environmental impact. 
 
3.1 Moisture transfer 
Moisture has a natural desire to achieving equilibrium. If a dry material is 
stored in an environment with constant temperature and relative humidity a 
balance, during time, between the environments and material moisture content 
will occur, also known as equilibrium state (Elmarsson & Nevander, 
Fukthandbok, 2006). Moisture has different ways to reach an equilibrium 
state.  
 
3.1.1 Moisture convection 
The water vapor often travels where there is air leakage. This type of transport 
has generally a large amount of moisture content. If the air temperature drops 
(Which for example takes place if air is leaking from the inside out) the water 
vapor will condense and the humidity rises which could lead to damaging 
results (Elmarsson & Nevander, Fukthandbok, 2006).  
 
3.1.2 Moisture diffusion 
This transport occurs in vapor state as above. Water vapor diffuses from a 
higher to lower vapor content. The driving force is the difference in vapor 
content. The amount of moisture flow is mostly dependent on the density of 
the material, in other words the vapor permeability or diffusion layer of the 
material. Diffusion calculation must be made for predicting the moisture 
conditions in the building parts. Diffusion is also a major factor of transport 
when dehydration of materials occurs (Elmarsson & Nevander, Fukthandbok, 
2006). 
 
3.1.3 Capillary absorption 
Capillary is a force which transports the moisture in liquid phase. The pore 
system gets filled with water due to water pressure. The water migrates 
through the largest pores first but they can also be inactive due to that the 
capillary force is weaker in larger pores. A precondition to have capillary 
transport is that the pores form a consistent system so the water can be 
transported further into the material. Driving rain against a brick wall is an 
example where the water transports from the surface to the inner wall caused 
due to liquid transportation. The dehydration of the wall starts with the 
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transportation in liquid phase which decreases with time simultaneously as the 
diffusion increasingly gets more crucial for the dehydration. Transport in the 
liquid phase when the humidity is greater than the critical moisture content has 
a large capacity in comparison with the vapor diffusion. A structure that is in 
contact with free water can be moistened quickly while the dehydration can 
take a very long time (Elmarsson & Nevander, Fukthandbok, 2006). 
 
3.1.4 Material properties 
Brick is a material with a large pore volume and pores. This Enables rapid 
capillary suction and relatively high vapour permeability. The hygroscopic 
moisture content is low which contribute to minor volume changes in the 
material. Brick is generally seen as a resistant material but due to its high 
capillarity it can easily take up water from rain or other contact with liquid 
water. A minor advantage is its low moisture capacity which means that the 
absorption from vapor is low (Burström, 2007). 
 
Moisture sources  
 Moisture outside in vapour phase 
 Moisture production indoor ( people, cooking etc) 
 Rain, especially driving rain  
 Ground  
 Leakage from installations  
 
3.1.5 Condensation in a wall 
Condensation can occur in various situations. If the relative humidity does not 
exceed the critical moisture content at any point in the wall, the structure can 
be approved. Moisture sensitive materials can obviously have a critical 
moisture condition that is below 100%. When analyzing the results it should 
be considered that the temperature has great influence on the risk of damage.  
High moisture conditions at low temperature is less dangerous than when both 
the temperature and moisture content are higher. If the relative humidity 
reaches 100% between two layers condensation occurs in the layer. If 
condensation occurs in a layer where it can escape without the risk of moisture 
damage the structure, it can be approved if the moisture level in the other layer 
does not exceed the critical level (Elmarsson & Nevander, Fukthandbok, 
2006).  
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3.1.6 Moisture impact on the energy consumption 
 
Increased moisture in walls leads to an increased energy demand.  
The effect of moisture can be divided into three parts: 
 Moist materials have a greater thermal conductivity, the lambda value 
increases. 
 Phase transitions leads to an energy transport, for example when water 
condenses. 
 Dehydration of rain moisture requires energy 
When a porous material pores are filled with water, it leads to a higher lambda 
value. This is because of two things. First, the water has a much higher lambda 
value than air so the heat conduction increases. Secondly, there is a transport 
of energy between the pore walls because the water evaporates from the warm 
side to the cold side. The condensed water can then be returned to the warm 
side by capillary transport. This means that no moisture transport net will 
occur, it's just an internal process (Elmarsson & Nevander, Fukthandbok, 
2006). 
 
3.2 Heat transfer 
3.2.1 Thermal resistance 
Thermal conductivity is denoted lambda with the symbol λ. The specified unit 
for lambda value is W / mK. A high value of R means that the material is a 
good insulator see equation 3.1 (Sandin, 2010). 
 
EQ 3.1 
 
R = 
𝑑
λ
                                 (m2W/K) 
d = Material thickness         (m) 
λ = Thermal conductivity      (W/mK) 
 
3.2.2 Heat transfer coefficient (U-Value) 
In calculations the term heat transfer coefficient is often used. Another name 
for the same thing is U-value. The U-value is defined as the amount of heat 
per time unit passing through an area of the structure when the difference in 
the air temperature on both sides of the structure is one degree (Sandin, 2010). 
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EQ 3.2 - The formula for U-value calculations: 
U = 
1
𝑅𝑠𝑖+ 𝑅1+ 𝑅2+..𝑅𝑁 + 𝑅𝑠𝑒
                                                          (W/m2K) 
𝑅𝑠𝑖 = Interior heat transfer resistance                                  (m
2K/W) 
𝑅𝑠𝑒 = Exterior heat transfer resistance                                (m
2K/W) 
𝑅1..𝑅𝑁 = Heat transfer resistance for materials                   (m
2K/W) 
 
3.2.3 Interior isolation  
Since the exterior part of the studied wall should remain untouched, the only 
solution for improving the thermal performance of the wall is adding 
insulation on the interior side. Interior insulation can have many negative 
effects compare to exterior. When insulating the inside of the wall, the 
construction will get colder on the outside which can induce more moisture 
problems. Thermal bridges like intermediate floor are also very hard to solve 
due to its connection between the wall and the floor. Another problem is 
reducing the internal area due to thicker retrofitted walls. This can also affect 
the rental value of the building because of the decreasing living area after 
retrofitting, which makes the retrofitting less attractive for the facility owners, 
see figure 3.1 (Fredrik Ståhl, 2011). 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 3.1 Exterior and interior isolation 
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3.3 Consequences of moisture in a brick wall 
 A study from the SVR (Bergstrom 1989) investigated where the most errors 
during the build process occurs. The planning accounted for 51% of the errors 
while materials, designs and use accounted for the rest. One can assume that 
this is caused by lack of knowledge or experience of materials. Consideration 
must be taken to various types of problems that could occur during planning 
(Elmarsson & Nevander, 2006). 
3.3.1 Corrosion 
Corrosion means that the metal is dissolved by a chemical reaction with the 
surroundings. In a brick wall reinforcement corrosion occurs when the mortar 
reacts with carbon dioxide and the pH value drops. When free water comes in 
contact with metals corrosion begins. If corrosion occurs the bearing capacity 
of the wall can deteriorate (Elmarsson & Nevander, Fukthandbok, 2006). 
3.3.2 Discoloration 
Moisture is mostly the cause of discoloration. Moisture dissolves lime and 
salt, and serves as a transport to the bricks surface. If liquid water is 
concentrated to a part of the facade, there may be a local leaching of lime that 
can cause strong limescaleing on the facade.  
If the facade is moist for a long time and there are nutrients available there 
may be a growth of algae, mosses, and lichens (Burström, 2007). 
3.3.3 Frost Shattering  
Frost shattering and the temperature and moisture movements are examples of 
physical damages on bricks. Frost shattering of porous material occurs when 
the water in the material freezes. This is due to ice formation which has a 
volume increase of 9%. This is done with great power and can destroy the 
brick. Materials whose pores are filled with water to its highest level has a 
very high risk of frost shattering. It all comes down to weather how much of 
the pore system that is filled with water and to what temperature the wall has 
(Burström, 2007). 
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4 Case study 
4.1 The University area 
The LTH School of engineering is located in Lund eastern part where it was 
built in the 1960s. The six institutional buildings were designed by architect 
Klas Anshelm and are distinguished by their high front parts and the red brick 
façade. 
 
Klas Anshelm buildings are today classified as cultural protected. Therefore 
the building’s exterior appearance must not be changed. (Ponnert, 2015) 
 
 
Figure 4.1 Photo Fredrik Mayr 2015-05-26, the E-building at LTH 
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4.2 Wall description 
 
According to a technician at Akademiska Hus the wall consist of a bearing 
brick body 1 + ½ stone, with plaster on the inside. The plaster creates a 
waterproofing area while the bricks have a protective ability against the 
climates impact. The walls have no air gap. It is just solid brick with plaster on 
the inside. There is no known moisture damage, but the walls are very cold 
and have a high U-Value.  
 
 
Figure 4.2 A illustration of the original wall consisting of 360 mm brick and 10 mm plaster 
4.3  Energy performance 
The current energy consumption is misleading, as the evaluations of the 
building also takes the new expansion of the building into consideration. The 
expansion is much better from an energy perspective, the walls are better 
insulated with an improved performance compared to the original walls in the 
main building from the year 1968. This means that the energy consumption is 
slightly lower than expected. 
 
The annual energy consumption of the building is 165 kWh/m2, which is 
within the statistical range of similar buildings 116-172 kWh/m2. This 
information is taken from an energy declaration given to us by Akademiska 
Hus. 
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 Figure 4.3 Energy performance of the building, grey arrows shows the statistic interval of 
116 – 172 kWh/m2 
 
 
 
 
4.3.1  Statistics for heating and cooling 
When looking at the buildings envelope, it is important to know how much 
energy is used for heating and cooling of the building. The envelope is the 
biggest influencing factor for heating and cooling. If the wall is poorly 
insulated there is much heat loss and the percentage of energy that goes into 
heating and cooling of the building increases. The heat consumption is 139 
kWh/m2 which is 84% of the buildings total energy consumption. This 
information is taken from an energy declaration given to us by Akademiska 
Hus. 
 
 
 Figure 4.4 Consumption of heating 2013-2015, Akademiska Hus consumption statistics 
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  Figure 4.5 Consumption of cooling 2013-2015, Akademiska Hus consumption statistics 
 
 
In figure 4.4 and 4.5 the consumption of heating and cooling for 2013-2015 is 
shown. The tables are from middle of mars (2015) so the consumption for 
mars and forward are not be taken into account. 
 
 
4.3.2  The performance of the walls 
The walls of the E building is evaluated by a scale of 1-5 where 1 is very poor 
function and 5 very well-functioning. The mean value of the walls only 
reaches a 2 on the scale. The walls have a U value between 0.3-1.0 W /m2K, 
which is a large interval. This information is taken from an energy declaration 
given to us by Akademiska Hus.  
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5 Suggestions for retrofitting 
Because the building is a historical building, no exterior work can be done. 
This means that the energy efficiency measures must be on the inside of the 
building. Every measure therefor reduces the rentable space, the solutions 
must take up as little space as possible but still achieve the energy goals. 
 
5.1 Vacuum Insulation Panel (VIP) 
VIP is an insulation using vacuum. Heat transfer in materials takes place by 
conduction, convection and heat radiation. Because VIP uses vacuum the 
conduction and convection are close to nothing because there is nothing that 
conducts heat (conduction) or any fluid that can move (convection). The heat 
radiation is reduced by several layers of reflective foil (swedisol, 2015). 
 
VIP has an insulating performance up to 10 times greater than conventional 
mineral wool (see figure 5.1). Because VIP is so high preforming the material 
can be made in very thin thicknesses (Svensk byggtjänst, 2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 Comparison of thickness for different isolation materials, 25mm VIP has the 
same insulating ability as x mm of the other materials 
 
But the VIP housing consists of metal foil which leads to thermal bridges 
around the joints which is not taken into consideration in the lambda value. 
If the material is punctured, the insulating ability could be lowered to the same 
insulation value as ordinary wool or worse.  
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VIP is a relatively new material on the market, and research is still going on. 
This makes the price of VIP 6-10 times more expensive than conventional 
insulation (swedisol, 2015). 
 
5.2  Aerogel 
Aerogel is a material of very low density and high porosity. Only between 1 
and 15% of the aerogel consists of solid materials rest is filled with the 
ambient gas or vacuum. Aerogels are prepared by a gel of silica, carbon or 
plastic and a solvent. Production takes place under very high temperatures, 
which makes the end product very expensive (Tiren, 2012). 
The company Swedish Aerogels has developed a new inexpensive method to 
produce aerogels from silica which may reduce manufacturing costs by up to 
90%. Swedish Aerogel has received a loan from the Swedish energy authority 
of 10 million SEK to develop new insulation materials (Alpman, 2015). 
 
Aerogel in its original form is non-flammable and an extremely good 
insulator, but in this form the aerogel is not practically useful in the 
construction context. Products have been developed with the additions of 
polyester and glass fibers which provide both flexibility and good compressive 
strength. The insulating ability has then been reduced but is still very good. 
The product obtained is a blanket witch is very thin but with good isolating 
abilities (Svenska Aerogel, 2015) 
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5.3 Hydrophobing 
 
Hydrophobing is a method of treating a material with a water repellent layer 
but without the pores become clogged. Hydrophobing is used to strengthen a 
facade against water and wind.  
 
In order to put a hydrophobc layer on the facade, a transparent liquid is used 
consisting of silanes. Silanes consists of silicon, which is a natural substance 
that is also found in the brick wall. When it is applied onto the façade, it seals 
the small cracks, but it creates no film outside of the facade, it penetrates into 
the material as a kind of impregnation (Rotpartner, 2015). 
 
 
Figure 5.2 How hydrophobing works, the right picture is with hydrophobing  
 
A hydrophobation lasts for at least 10 years. It gives the facade a decreased 
ability to absorb water which gives the facade a number of advantages.  
 
The water content of the wall decrease which means that the risk of frost 
shattering decreases and the U-Value of the wall can be reduced by 10-20% 
due to a better thermal insulation when the water content is reduced (AB, 
Nordrisk stenimpregnering, 2015).  
 
According to Lund municipality it is approved to perform a hydrophobing 
layer as long as it does not affect the technical characteristics negatively. It 
requires, however, a discussion of visual impact, long-term impact / 
maintenance, possible other effects in terms of microbiological fouling. It may 
also be required to have sample plots before it gets implemented (Appendix 7 
– mail). 
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6 Assessments of the Wall  
In order to evaluate the existing wall and the improvement proposals, moisture 
and heat calculations have been performed. Moisture and heat calculations are 
simulated on the basis of the city of Lund in Sweden. The calculations are 
performed based on the reference object E- building at LTH School of 
engineering. E- House's original wall consists of a 360 mm of brick with a 10 
mm interior plaster. Lambda values for handmade calculations are taken from 
(Elmarsson & Nevander, Fukthandbok, 2006). 
 
6.1 Assessment tools 
 
6.1.1 WUFI  
WUFI is a calculation program developed by the Fraunhofer Institute for 
Bauphysik in Germany, the Swedish version is developed by moisture Centre, 
Building Physics at LTH School of engineering (Fuktcentrum, 2015). 
 
WUFI is used to calculate the relative humidity and the moisture content in 
constructions. The calculations show how much risk there is of condensation 
in different parts of the building, how the structure is affected by driving rain 
and how repairs and renovations can affect the building (Fraunhofer, 2015). 
 
In the program the buildings elements of the wall are put together and the 
climatic conditions and other sources of moisture affecting the design are set. 
The program calculates realistic non-stationary heat and moisture conditions 
in the various elements of the wall (Fuktcentrum, 2015) 
 
6.1.2 HEAT 2 
HEAT 2 is a PC-program for two-dimensional transient and steady-state heat 
transfer. HEAT 2 is used to calculate thermal bridges, building component  
U-value, the temperature in various parts of the structure and for calculation of 
heat loss. 
 
In the program a model of the wall is built with the specific materials and their 
properties that affect heat flow. The program calculates images of thermal 
bridges, heat flows, temperatures and calculations (Buildingphysics, 2015). 
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6.2 Moisture and heat calculations of existing wall 
 
6.2.1 The U-Value of the wall 
The U-value is calculated with equations 3.1 and 3.2, and by using these 
parameters: 
 
Material λ = W/mK d = thickness (m) 
Brick 0.6 0.360 
Plaster 1.0 0,01 
 
Rsi = 0.13     [m
2K/W] 
Rse = 0.04     [m
2K/W] 
 
With this parameters the U-Value of the wall is 1.25 W/m2K. 
6.2.2 The temperature through the wall 
The indoor temperature is set to 20 °C all year around. 
 
 
Figure 6.1 Temperature fall through the wall with the indoor temperature of 20 °C and 
outdoor 7 °C 
 
Figure 6.1 shows the temperature thorough the wall when the interior 
temperature is 20 °C and outdoor temperature is 7 °C, which is the mean value 
of a year in Lund.  
The indoor surface temperature is 18.2 °C and the outdoor surface temperature 
is 7.5 °C. 
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Figure 6.2 Temperature fall through the wall with indoor temperature of 20 °C and 
outdoor of -10 °C 
 
Figure 6.2 shows the temperature through the wall in an extreme case when 
the outdoor temperature is – 10 °C. 
The indoor surface temperature is 16.5 °C and the outdoor surface temperature 
is – 7.5 °C. 
6.2.3 Energy losses 
The calculations are made with a temperature difference of 13 °C because the 
indoor temperature is set to 20 °C and Lunds mean outdoor temperature is 7 
degrees. 
U-Value = 1.25 W/m2K 
ΔT = 13˚ 
1 m2 
1 Year = 365 days 
 
(1.25 W/m2K ˑ 1 m2 ˑ 13˚) ˑ 365 days = 5930 W  
5930 W ˑ 24 h = 142 kWh 
The energy loss per square meter/year is 142 kWh/m2. 
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6.2.4 Calculations with WUFI 
 
Figure 6.3 Layers and cameras of the wall 
 
In WUFI the wall is built in different layers and the thickness of the materials 
are inserted. When the construction is complete, you can bring out various 
monitors in the layers to see how the moisture content varies through the 
material, in figure 6.3 the monitors is shown by the circles. 
 
The calculations are made over a three year period. To see which direction is 
most affected by driven rain simulations have been performed for each 
direction (See Appendix 1 – Worst direction for driven rain). In Lund the 
south-western part of the building is most affected by driving rain. All 
calculations have therefore been made with southwest as a parameter for the 
calculations. The amount of the rain is set according to the formula: Rain (R1 
+ R2 x wind speed). WUFI has a climate file from Lund, which determines the 
average rainfall intensity and wind velocity. The wind velocity is set 
perpendicular to the wall. R1 and R2 are factors for correcting the rain load on 
the wall, these are set by the wall´s angle and height. 
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Table 6.1 Moister data of existing wall 
Layer Water 
content 
[kg/m3] 
Moister 
quota 
[%] 
Relative 
Humidity 
[%] 
Temperature 
 
[oC] 
Brick 30-140  1.4-8 99 5-30 
Plaster 50 4 78-83 13-25 
 
 
Figure 6.4 Total water content of the brick layer during a 3 year period 
 
The large span in water content in the brick layer can be seen in Figure 6.4, 
the water content is highest in the winter and lowest in the summer. The wall 
is warmer in the summer and can therefore dehydrate faster. 
 
For more diagrams and calculations see Appendix 2 – Calculations of original 
wall in WUFI. 
 
6.2.5 On the assessment of the non-retrofitted wall 
 
The calculations show a high U-value of 1.25 W / m2K which is even worse 
than a well-insulated windows. Today's construction requirements for U-
values is 0.18 W / m2K, in other words the calculations show that the current 
U-value of the wall is far above the requirements. 
 
The calculations in HEAT shows a large temperature drop through the wall. 
The surface temperature of the inside of the wall is 18.2 ° C, which is a 
reasonable value from a comfort perspective, however, the temperature falls 
quickly inside the wall so that moisture can condense in the wall. 
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The relative humidity from inside wall to the outside of the facade goes from 
78 to 97-98% (see table 6.1) which is far above the BBR's requirements for 
moister levels. BBR requirements says that critical moisture conditions should 
be taken into account if there is a risk of mold or bacteria growth. In this case 
there are no organic materials in the construction so this relative humidity 
should not be a problem.  
 
The moisture content in the wall, particular in the brick, is relatively high. 
Brick water content amounts to nearly 8%, which could be at risk of frost 
shattering but currently there are no signs of frost shattering on the bricks so 
these 8% is probably not a problem. The temperature never falls below zero 
degrees except in the outer parts of the brick. This occurs in December 
through February when the temperature is at its lowest.  
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6.2.6 Thermal bridges 
When taking thermal bridges from the intermediate floors into consideration a 
new U-value of 1.1 W/m2K is calculated according to HEAT2 calculations 
(see Appendix 9 – Heat2, Thermal bridges). The hand-calculated U-value is 
higher than the U-value when taking the thermal bridges into consideration 
because the concrete floor has a better insulating capacity than brick. The 
temperature and heat flow of the wall can be seen in figure 6.5 and 6.6. 
 
Figure 6.5 Temperature between the wall and intermediate floor 
 
 
Figure 6.6 Energy flow between the wall and the intermediate floor  
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7 Moisture and Heat calculations for retrofitting 
 
The same programs and theory have been used for the assessments of the 
retrofitted wall. To determine the thickness of the insulating material, the 
thickness is chosen based on getting as close to the energy requirement as 
possible while not exceeding BBR's moisture requirements. The solution is to 
find a thickness that is consistent with both a moisture and energy perspective. 
The plaster is removed because it can be damaged on some places, the wall 
also becomes thinner. The lambda values for handmade calculations is taken 
from (Elmarsson & Nevander, Fukthandbok, 2006). 
 
7.1  Interior insulations with VIP 
 
7.1.1  The U-value 
The U-value is calculated with equations 3.1 and 3.2, and by using this 
parameters: 
 
Material λ = W/mK d = thickness (m) 
Brick 0.6 0.360 
VIP 0.007 0.03 
Plaster 1.0 0.01 
 
Rsi = 0.13     [m
2K/W] 
Rse = 0.04     [m
2K/W] 
 
With this parameters the U-Value of the wall isolated with VIP is 0.20 W/m2K 
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7.1.2  The temperature through the wall 
 
 
Figure 7.1 The temperature through the wall with VIP as interior insulation 
 
Figure 7.1 shows the temperature fall thorough the wall, the interior surface 
temperature is 19.35 °C and the outdoor surface temperature is 7.65 °C.  
 
7.1.3 Energy losses 
 
U-Value = 0.20 W/m2K 
ΔT = 13˚ 
1 m2 
1 Year = 365 days 
 
(0.20 W/m2K ˑ 1 m2 ˑ 13˚) ˑ 365 days = 949 W  
949 W ˑ 24 h = 22.8 kWh 
The energy loss per square meter/year is 28.2 kWh/m2. 
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7.1.4 Moisture calculations with WUFI 
 
 
 
Figure 7.2 Materials and cameras of interior insulation with VIP 
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Table 7.1 Moister data of interior isolation with VIP  
Layer Water 
content  
[kg/m3] 
Moister 
quota 
[%] 
Relative 
Humidity 
[%] 
Temperature 
 
[oC] 
Brick 41-144 2-8 100 0-26 
VIP 0.1 0 80 11-26 
Plaster 4-9.44 0.4-0.8 50-65 15-25 
 
 
Figure 7.3 Water content of brick layer during a 3 year period 
 
 
Figure 7.4 Relative Humidity and temperature of the brick layer during a 3 year period 
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As seen in Figure 7.3 the water content in the brick layer varies through the 
year, with a high water content in the winter and low content in the summer. 
When looking at figure 7.4 one can see that the temperature is at its lowest 
when the water content is at its highest.  
 
For more diagrams and calculations see Appendix 3 – Interior insulation with 
VIP. 
 
7.1.5 Comments of calculation  
 
The wall is now 4 cm thicker than the original construction. The calculation in 
HEAT shows that the interior isolation has made the brick wall much colder. 
There is a big temperature difference in the VIP layer which shows how 
effective the material is. The U-value has now gone down to 0.2 W/m2K 
which almost for fills the requirement of BBR standard (0.18 W/m2K).  
 
 
The relative humidity from inside wall to the outside of the facade goes from 
50 to 100%. This gives the wall a bigger span of relative humidity. The 
relative humidity is 100 % in the brick layer which means the water will 
condensate in the wall. The rest of the layers are decent from a moisture 
perspective. The moister quota is still at 8 % during the cold months so still a 
risk of frost shattering. The water content in the brick has not changed from 
the original construction.  
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7.2 Interior insulation with VIP and exterior hydrophobing 
 
 
 
 
 
 
Figure 7.5 Layers and cameras of exterior hydrophobing and interior VIP  
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Table 7.2 Interior isolation with VIP and exterior hydrophobing: 
Layer Water 
content 
[kg/m3] 
Moister 
quota 
[%] 
Relative 
Humidity 
[%] 
Temperature 
 
[oC] 
Silicon - - - - 
Brick 3-4 0.16-0.20 50-70 0-30 
VIP 0 0 50-65 2-26 
Plaster 4-9 0.3-0.7 55-65 18-25 
 
 
The water content of the brick layer has drastically drop from 140 kg/m3 to 4 
kg/m3 with the exterior hydrophobing. The relative humidity has also gone 
down from 100 % to 70 %.  
 
The moisture quota is under 1% which means that there should be no chance 
of frost shattering now. 
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7.3 Interior insulation with Aero Gel 
 
7.3.1 The U-Value of the wall 
 
The U-value is calculated with equations 3.1 and 3.2, and by using this 
parameters: 
 
Material λ = W/mK d = thickness (m) 
Brick 0.6 0.360 
Aerogel 0.014 0.06 
Plaster 1.0 0,01 
 
Rsi = 0.13     [m
2K/W] 
Rse = 0.04     [m
2K/W] 
 
With this parameters the U-Value of the wall is 0.2 W/m2K. 
 
7.3.2 The temperature through the wall 
 
 
Figure 7.6 The temperature through the wall with Aerogel as interior isolation 
 
Figure 7.6 shows the temperature fall thorough the wall, the interior surface 
temperature is 19.35 °C and the outdoor surface temperature is 7.65 °C. 
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7.3.3 Energy losses 
The calculations are made with a temperature difference of 13 °C because the 
indoor temperature is set to 20 °C and Lunds mean outdoor temperature is 7 
°C. 
 
 
 
U-Value = 0.2 W/m2K 
ΔT = 13˚ 
1 m2 
1 Year = 365 days 
 
(0.2 W/m2K ˑ 1 m2 ˑ 13˚) ˑ 365 days = 949 W  
949 W ˑ 24 h = 23 kWh 
The energy loss per square meter/year is 23 kWh/m2. 
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7.3.4 Moisture calculation with WUFI 
 
 
 
 
Figure 7.7 Layers and cameras of interior insulation with aerogel 
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Table 7.3 Interior insulation with Aero Gel 
Layer Water 
content 
[kg/m3] 
Water  
Quota 
[%] 
Relative  
Humidity 
[%] 
Temperature 
 
[oC] 
Brick 30-140 1.7-8 100 0-30 
Aerogel 5-20 3-13 70-100 10-29 
Plaster 5-27 0.3-2.3 40-85 20-25 
 
 
For diagrams and calculations see Appendix 5 – Interior isolation with 
aerogel. 
 
7.3.5 Comments of calculation  
The Aerogel and the interior plaster gives the wall an additionally 6 cm to its 
thickness. The brick layer becomes colder and the temperature changes occurs 
mostly in the Aerogel. The U-value has gone down to 0.2 W/m2K which is 
increasingly better. The wall almost for fills the requirements of the BBR 
standard.  
 
The water content in the brick layer is about the same is in the VIP 
construction. However, the Aerogel has much higher water content compare to 
VIP layer.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
40 
7.4 Interior insulation with aerogel and exterior hydrophobing 
 
 
 
Figure 7.8 Layers and cameras of interior insulation with aerogel and hydrophobing  
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Table 7.4 Interior insulation with Aerogel and exterior hydrophobing 
Layer Water 
content 
[kg/m3] 
Water  
Quota 
[%] 
Relative  
Humidity 
[%] 
Temperature 
 
[oC] 
Silicon - - - - 
Brick 3.5-5.5 0.2-0.3 60-80 0-30 
Aerogel 5-6.5 3-4.5 60-80 10-26 
Plaster 3-12.5 0.25-1 40-78 18-25 
 
 
For diagrams and calculations see Appendix 6 – Interior insulation with 
Aerogel and exterior hydrophobing. 
 
The hydrophobing drastically improves the wall but the relative humidity is 
still high and reaches 80% during some hours all through the wall.   
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7.5 Thermal bridges  
When thermal bridges from the intermediate floors are taken into 
consideration gets a U-value of 0.298 W/m2K according to HEAT2 
calculations (see Appendix 9 – Heat2, Thermal bridges). 
 
 
Figure 7.9 The temperature drop between the wall and intermediate floor when insulating 
interior 
 
 
Figure 7.10 The energy losses between the wall and intermediate floor 
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8 Discussion 
Not surprisingly when narrowing down to deal with a problem, several other 
questions arises during the assessments. In building physics it is often many 
aspects to be considered and the phenomenon often arises when attempting to 
solve a specific problem. This applies particularly in optimizing both moisture 
and energy efficiency. For example once the thermal conductivity of the wall 
decreases, temperature inside the wall drops which may cause moister 
problems. 
 
By insulating the wall with vacuum insulation we noticed increase in the 
moisture content as well as the wall becoming colder which lead to a 
significantly increased risk of moisture problems. 
 
The VIPs main advantage is having a very low lambda value which enables 
using extremely thin layers of insulation compared to regular insulation. When 
insulating the interior side, it uses a minimal surface area which is an 
advantage for the property owner. But this comes with a cost; the VIP is up to 
ten times more expensive than other common insulation materials. 
 
Moreover the material is very fragile because it can be “punctured”. If the 
material is punctured the insulating properties is severely reduced. The VIP 
edges consist only of foil which leads to thermal bridges around the edges. 
These thermal bridges is not included in the lambda value. To reduce these 
thermal bridges, the size of the VIPs should be as large as possible. Since the 
material is so fragile it requires high quality workmanship, so it’s insulating 
properties does not get ruined. 
 
With Aerogel it was more difficult to reach to the desired U-value, and at the 
same time the wall got thicker. It was difficult to find the right thickness of the 
Aerogel without having high levels of moisture and relative humidity in the 
brick layer. Main advantages of aerogel are that it is cheaper and easier to 
manage, while the risk of damaging the material during assembly is extremely 
small. 
 
We realized that meeting the energy and moisture requirements is not possible 
only with applying interior insulation. Therefore we had to find some other 
ways to keep the wall in desirable condition. We tested adding a hydrophobing 
on the facade. 
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The hydrophobing gave very good results when placed on the brick facade. 
The question remains if this is allowed to be used. As mentioned earlier, a 
decision both from Lund Municipality and “Akademiska Hus” is needed. The 
hydrophobing shall not affect neither the aesthetic or technical characteristics 
of the building. The process should be checked on a test surface and see how it 
works on this particular building before applying it on the whole building. The 
disadvantage of hydrophobing is that a new layer must be added at least every 
ten years. 
 
Table 8.1 Comparison of the different solutions 
  
U-value  
 
[W/m2K] 
 
RH 
 
 [%] 
Total 
water 
content 
[kg/m3] 
 
Additional 
thickness 
[cm] 
Original wall 1.25 78 – 98 13 - 52 0 
VIP  0.2  50 – 100 12 - 52  3 
Aerogel 0.2 40 – 100  12 – 50 6 
VIP + Hydrophobing 0.2 50 - 70 1.1 – 1.5 3 
Aerogel + 
Hydrophobing 
0.2 40 - 80  1.6 – 2.5 6 
 
 
In Table 8.1 one can clearly see how the different wall solutions behave. The 
water content in the wall is practically unchanged for putting layers of either 
VIP or Aerogel. The difference is that the wall gets a larger temperature drop 
(see figure 7.1 and 7.6) which leads to a higher relative humidity. You can see 
the difference in the relative humidity and the water content between the 
different insulation options but the U-value is unchanged for all solutions.  
 
As seen in Table 8.1, the solutions with only interior insulation does not work 
because the relative humidity reaches 100% during a long time. The water 
content also reaches high levels especially in the brick layers, which leads to 
risk of frost shattering when the temperature drops around freezing point. The 
risk of frost shattering is much higher in the wall construction without 
hydrophobing as the relative humidity and the water content rises in both the 
considered cases. The water content is at its highest when the temperature is at 
its lowest, which is a dangerous combination. But the water content is highest 
in the original construction and as mention before there are now signs of frost 
shattering so this should not be a problem. 
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To cope with the requirements of the relative humidity an exterior 
hydrophobing is required. The hydrophobing layer also reduces the total water 
content of the construction, leading to a decreased U-value by up to 20% 
because a water filled structure conducts heat better as mentioned before. 
 
 
Corrosion can occur in the bearing bricks above the windows as these are 
reinforced with iron bars. This can lead to a loss of bearing capacity and at 
extremely high moisture loads the brick above the window can collapse. Too 
much moisture loads on the brick facade can also result in lime scaling when 
the lime from the mortar dissolves. 
 
In the case of taking the thermal bridges from the intermediate floor into 
account the U-Value for the suggested solutions increases to 0.29 W/m2K 
because of the energy loses through the intermediate floor.   
 
The temperature drops in the intermediate floor at the connection to the wall 
(figure 7.7), this could lead to moisture problems in the floor if warm air 
travels to the colder parts of the floor and condensate. 
 
By adding insulation the indoor climate improves. Interior side of the walls 
become warmer and the possible radiation from a cold wall is diminished. The 
risk of drafts decreases as the new waterproofing layer should fix any air leaks 
that were in the façade before. This means that the indoor temperature can be 
lowered a few degrees and then save even more energy. 
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9 Error analysis 
In WUFI calculation errors can occur. It may depend on the grid, the climate 
or the combination of materials. To be sure how large the margin of error are 
one should examine different types of values and see how the moisture content 
varies. In this case, with hydrophobing a huge difference in the amount of 
water content occur. This is probably mainly due to the hydrpofobings 
extremely low water absorption coefficient 0.00016 kg/m2s compared to brick 
0.7 kg/m2s. 
 
The values for radiation is set to 0.68 for short-wave radiation of red bricks 
and the long-wave radiation has been set to 0.9. These values are default 
values in WUFI. There are no technical information about the bricks at the E-
building so this assumption has been made which could lead to the calculated 
values does not match the reality. 
 
WUFI is a one dimension program so the calculated values are for a solid 
brick wall which it is not in reality. 
 
Time intervals also have an influence on the calculated results. Accumulation 
of moisture is not shown in the moisture simulations, when a ten-year period 
simulation was made the result was basically the same as in the three year 
simulation. This is quite unlikely since this indicates that it's the same climate 
every year, extreme cases do not occur in WUFI. 
 
9.1 Calculation Parameters 
 
Wufi uses a grid system to calculate the various building components. The 
grid system can be used in coarse, medium or fine depending on how accurate 
the simulation will be. To know which grid to use, calculation of medium and 
fine grid were made on the original wall.  
 
For more accuracy it is possible to set the time interval in WUFI. The standard 
is 1 hour interval but to be sure not to get a too wide specter a calculation was 
made on the original wall with 0.5 hour interval. 
 
The outcome of the figures show that the difference was small and therefore 
we chose a 1 hour interval with medium grid, see figure 9.1 and 9.2. 
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Figure 9.1 The original wall with medium grid and 1 hour interval 
 
Figure 9.2 The original wall with fine grid and 0.5 hour interval  
 
 
 
 
 
 
  
49 
10 Conclusion  
Reaching BBRs energy requirements for new buildings and at the same time 
getting a moisture-proof solution has proven impossible. However, it is 
possible to lower the walls U-value significantly compared with the original 
wall. U-value of 0.20 W/m2K and 0.29 W/m2K are achievable compared to the 
original wall with the U-value of 1.25 W/m2K and 1.1 W/m2K (considering 
thermal bridges for all the cases).  
 
The solutions are designed with materials that right now are very expensive. 
Further research and testing is needed for these materials to become 
economically viable to use. In the current situation there is much testing and 
research going on, and in the near future, these materials will fall significantly 
in price especially Aerogel as mentioned earlier in the text.  
 
Before applying the suggested solutions to the whole building, a test should be 
made on a small area to see if the solutions really works.  
 
 
 
 
  
  
50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
51 
11 References 
AB, Nordrisk stenimpregnering. (2015, 05 05). http://www.nsiab.se/. 
Retrieved from http://www.nsiab.se/. 
Alpman, M. (2015, 04 20). nyteknik.se. Retrieved from 
http://www.nyteknik.se/nyheter/bygg/byggartiklar/article3393883.ece. 
Bärtås, L. (2015, 03 29). byggahus.se. Retrieved from 
https://www.byggahus.se/bygga/nya-effektiva-material-for-miljon 
Bärtås, L. (2015, Mars 5). bygghus. Retrieved from www.byggahus.se: 
https://www.byggahus.se/renovera/byggnadsvard?sida=4#guidetop 
Boverket. (2015). 6:52 Högsta tillåtna fukttillstånd. Boverkets byggregler - 
föreskrifter och allmänna råd, BBR. Sverige. 
Boverket. (2015). Allmänt. Boverkets författningssamling. Sverige: Boverket. 
Boverket. (2015). Fuktsäkerhet 6:53. Boverkets byggregler - föreskrifter och 
allmänna råd. Sverige. 
Boverket. (2015). Klimatskärm. Boverkets författningssamling . Sverige: 
Boverket. 
Boverket. (2015). Lufttäthet. Boverkets byggregler - föreskrifter och allmänna 
råd, BBR. Sverige: Boverket. 
Boverket. (2015). Väggar, fönster, dörrar, etc. Boverkets författningssamling. 
Sverige: Boverket. 
Buildingphysics. (2015, 04 01). http://www.buildingphysics.com. Retrieved 
from http://www.buildingphysics.com/index-filer/heat2.htm. 
Burström, P. G. (2007). Byggnadsmaterial. In P. G. Burström, 
Byggnadsmterial. Lund: Studentlitteratur AB. 
Elmarsson, B., & Nevander, L. (2006). Fukthandbok. In N. L. Elmarsson 
Bengt, fukthandbok. Praktik och teori. Svensk byggtjänst. 
Energimyndigheten. (2015, 03 25). www.energimyndigheten.se. Retrieved 
from https://www.energimyndigheten.se/Foretag/Energieffektivt-
byggande/Program-bestallargrupper-och-natverk/ 
Fraunhofer. (2015, 04 01). http://www.wufi.de. Retrieved from 
http://www.wufi.de/index_e.html 
Fredrik Ståhl, M. L. (2011). Hållbar och varsam renovering och 
energieffektivisering av kulturhistoriskt värdefulla byggnader - en 
förstudie. Borås: SP Sveriges Tekniska Forskningsinstitut. 
Fuktcentrum. (2015, 04 20). lth.se. Retrieved from 
http://www.fuktcentrum.lth.se/verktyg-och-hjaelpmedel/windows-
baserad-dator-program/wufi/. 
Nordrisk stenimpregnering AB. (2015, 05 03). http://www.nsiab.se/. Retrieved 
from http://www.nsiab.se/: http://www.nsiab.se/ 
Ponnert, H. (2015, 03 29). www.ne.se. Retrieved from 
http://www.ne.se/uppslagsverk/encyklopedi/l%C3%A5ng/klas-anshelm 
  
52 
Rotpartner. (2015, 05 03). http://www.rotpartner.se. Retrieved from 
http://www.rotpartner.se/hydrofobering. 
Sandin, K. (2010). Praktisk byggnadsfysik. In K. Sandin, Praktisk 
byggnadsfysik. Studentlitteratur AB. 
Ståhl, F., Lundh, M., & Ylmén, P. (2011). Hållbar och varsam renovering och 
energieffektivisering av kulturhistoriskt värdefulla byggnader - en 
förstudie. Borås: SP Sveriges Tekniska Forskningsinstitut. 
Svensk byggtjänst. (2015, 04 21). www.byggtjänst.se. Retrieved from 
http://static.byggtjanst.se/amadocs/ama-nytt_2-2012_sid50-53.pdf 
Svenska Aerogel. (2015, 04 21). http://www.aerogel.se. Retrieved from 
http://www.aerogel.se/applications/insulation/. 
swedisol. (2015, 04 20). swedisol.se. Retrieved from 
http://www.swedisol.se/annan-isolering: http://www.swedisol.se/annan-
isolering#vakuumisolering 
Tiren, T. (2012, 02 20). miljoaktuellt.se. Retrieved from 
http://miljoaktuellt.idg.se/2.1845/1.435237/sa-ska-aerogeler-
revolutionera-byggbranschen?queryText=aerogel 
 
 
  
  
53 
12 Appendix 
12.1 Appendix 1 – Worst direction of driving rain  
 
These graphs shows the total water content of the original wall in different 
directions. The direction with most water content is South West. 
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12.2 Appendix 2 – Calculations of the original wall in WUFI 
 
  
Total water content of the wall 
 
 
Total water content of the plaster layer 
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Temperature and Relative humidity of the brick layer 
 
Temperature and Relative humidity of the plaster layer 
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Temperature and Relative humidity interior surface 
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12.3 Appendix 3 – Interior insulation with VIP  
 
 
Total water content 
 
 
Total water content of VIP layer 
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Total water content of plaster layer 
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Relative humidity and temperature of VIP layer 
 
Relative humidity and temperature of plaster layer 
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Relative humidity and temperature interior 
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12.4 Appendix 4 – VIP and exterior Hydrophobing 
 
 
Total water content 
 
Water content brick layer 
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Total water content VIP 
 
Total water content plaster 
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Relative humidity and temperature of brick layer 
 
Relative humidity and temperature VIP layer 
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Relative humidity and temperature of plaster layer 
 
Relative humidity and temperature interior 
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12.5 Appendix 5 – Interior insulation with aerogel 
 
 
Total water content 
 
 
Water content of the brick layer 
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Water content of Aerogel layer 
 
Water content of plaster layer 
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Temperature and Relative humidity of brick layer 
 
Temperature and Relative humidity of Aerogel layer 
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Temperature and Relative humidity of plaster layer 
 
Temperature and Relative humidity interior surface 
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12.6 Appendix 6 – Aerogel and exterior hydrophobing 
 
 
Total water content 
 
Water content of brick layer 
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Water content of Aerogel layer 
 
Water content of plaster layer 
 
 
 
  
 
 
 
 
 
 
  
73 
 
 
 
 
Temperature and Relative humidity of brick layer 
 
Temperature and Relative humidity aerogel layer 
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Temperature and Relative humidity of plaster layer 
 
Temperature and Relative humidity interior surface 
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12.7 Appendix 7 – Lunds kommun, e-mail 
 
”Vi är två studenter som skriver examensarbete om att energieffektivisera 
kulturhistoriska byggnader. Vi gör en undersökning på E-huset uppe vid LTH. 
Anledning till varför jag skriver är om ni skulle kunna uppskatta vad er 
bedömning kommer att vara om man skulle vilja lägga på ett Silikonlager på 
fasaden. Detta skulle fungera som en typ av fuktskydd. Byggnaden är Q - 
märkt vilket betyder att ingen ändring på utsidan av fasaden får ske men 
eftersom silikonet är transparent bör detta inte räknas som en ändring på 
fasaden, eller?” 
Väldigt tacksamma för en kommentar. 
 
Henrik Hammar, byggnadsinspektör, Lunds kommun 
”För vår del handlar det, utöver kulturvärdena, främst om att säkerställa att 
de övriga tekniska egenskapskraven inte påverkas negativt av förändringen” 
 
Henrik Borg, byggnadsinspektör, Lunds kommun 
 
”Tja, jag känner inte till hur ett silikonlager skulle påverka men jag 
misstänker att det inte lämnar tegelytan opåverkad? Är det nån form av 
hydrofobering du tänker på John? För att bedöma en fråga av denna typ i en 
känslig kulturmiljö så brukar vi diskutera visuell påverkan, långsiktig 
påverkan/underhåll, eventuella andra effekter i form av mikrobiologisk 
påväxt, och i senare skede provytor för bedömning” 
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12.8 Appendix 9 – Heat2 Thermal bridges 
12.8.1 Original wall 
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The original wall with boundaries 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
78 
12.8.2 Interior insulation 
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The interior insulated wall with boundaries 
